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STOMAS! 



Compressive tests rere made of ixro series of stiff- 
ened circular cylindrical shells under axial load. All 
the shells were 15 inches in diameter ov 24 inches in 
length and were nade of aluninum-^aljpy sheot curved to the 
proper radius and trelded with one longitudinal weld. The 
ratios of diareter to thickness of shell wall in the two 
series of specimens were 258 and 572 . Strains were meas- 
ured with Ku D ,^en "herder tensoneters at a number of g a % e 
lines on the stiffeners and shell. The test results are 
discussed in the light of published information on the 
su o j e ct . 

The results of these tests indicate that a spacing 
of. circumferential stiffeners equal to 0.57 tines the ra- 
dius is too great to strengthen the shell wall apprecia- 
bly. The results are not inclusive enough to show the op- 
timum in stiffener size and spacing for longitudinal stiff- 
eners # ?lain cylinders without stiffeners develoT)ed ulti- 
mate strengths approximately half as great as the ouckling 
strengths computed oy the equation resulting from the 
classical theory and slightly greater than those computed 
oy Donneli T s large deflection theory. 



INTRODUCTION 



In lightweight construction, especially in aircraft 
and marine structures, it is quite common to use a stiff 
framework covered oy a thin metallic sheet. Under service 
loads the thin sheet and the frame act as a unit. The 
condition of the design may require either that the sheet 
retain its original curvature or degree of initial flat- 
ness or that the sheet he allowed to develop elastic 
wrinkles thu,s throwing most of the load onto the frame, or 
at least causing a redi st ri oution of stress. Several 
articles in the literature °:±ve analyses of the action of 
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s emi mono coque structures under certain loading conditions. 
(See references 1 to 10.) 

Inasmuch as a stiffened cylinder is statically ir.de- 
terminate to a high decree under certain conditions, any 
analytical study should oe checked V r tests of representa- 
tive structures using the loading conditions treated in 
the analysis* As part of a program of study of the strength 
and the stability of thin-sheet construction, tests were 
undertaken by the Aluminum Research Laboratories for the 
study of the distribution of stress in thin-rail struc- 
tures. Stiffened flat sheet as well as stiffened circular 
cylinders were subjected to various loading conditions. 
The results of "bending tests on stiffened flat sheet are 
discussed in reference 11. 



SPECIMENS All 2 METHOD OF T3ST 



The specimens used in the tests discussed herein rere 
stiffened cylindrical shells, 16 inches in diameter by 24 
inches in length. The shells were forned of Alcoa alloy 
53SME sheet (kavy Dept. Specification 47A12a) curved to 
the proper radius and -.voided with one long itudinal weld. 
In one set of specimens t the wall thickness was 0.062 inch 
and, in a similar set . the wall thickness was 0.028 inch. 
The specimens are shown in the photographs of figures 1 
and 2. The stiffeners trere formed from Alcoa alloy 
52S-1/2H sheet (llavy Dept. Specification 47A116) of the 
same thickness as the shell wall and attached by spot weld- 
ing. The soots were spaced about 3/4 inch apart in the 
0.062-inch shell and. about if 2 inch apart in the 0. 028- 
inch shell. This close spacing was used to minimise the 
probability of failures by tearing the spots. The cross 
sections of the stiff oners and the section elements are 
shown in figure 3, 

The tensile properties of the materials given in 
table I are in accord with the Specif icat ions for these 
materials . 

The specimens with stiffeners were subjected to test 
at a number of stages in their fabrication* For example f 
specimen Gr , shown in figure 1 with eight longitudinal 
stiffeners, was first tested with only four stiffeners 
spaced 90° apart. The second tost was made after the next 
set of four stiffeners had boon attacked, reducing the 
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spacing tc 45° (6.28 in. = 0»783&). The schedule of tests 
for all the specimens is shorn in table II and a descrip- 
tion of the specimens is ^iven in table III. A plain 
cylinder of each thickness of sheet was included for com- 
pari son. 

In these tests the specimens vere. carefully centered 
in the testing machine, and measurements for strain were 
made at a number of points spaced 3 inches apart on sev- 
eral longitudinal elements of the shells and on the stiff- 
eners. The end ^;a^e lines were !•§ inches from the ends of 
t he. specimens . The ^a^e lines were located by a combina- 
t ion of a compass direction (l or W) and a number. 
Thus, ES is at the section 15-£ inches from the bottom on 
the element toward the east as the specimen was placed 
in the testing rachine. 

TChiie the specimens were bein^ placed * n testing 
machine, they were held circular by ti?ht-»f it tin? forms 
with circular holes of vrovev diameter accuratel?/ machined 
in them. These forms were located at the extreme ends of 
the specimen and clamped to the heads of the testing ma- 
chine, as shown in figure 4. They were removed after a 
small loa,d had "been applied to the specimen. 

The strains were measured with Eu^enber^er tensom- 
eters usin^ a ^ a % e length of 1 inch. Measurements uere 
made for over-all sho rt enin^ of the specimen with dial 
•^a^es at the four corners of the hearing plates. In all 
the tests, readings were taken at a series of loads so 
that relations "between the load and the stress or deflect 
tion could he determined. In the final test the speci- 
mens were loaded tc destruction. 

The tests were made in an Amsler testin:; machine of 
3 00,000-pound maximum capacity usinS an intermediate load 
ran^e. In the case of the specimens with 0. 028-inch wall, 
the heads were equipped with ball-bcari spherical seats 
that have a known low resistance to tipping and turning 
Because the capacity of those heads was relatively low, 
they could not be used in the tests on the specimens with 
0.062-inch wall; a bearing with a plain spherical seat 
was therefore used at one end and a hearing fixed against 
tipping and turning was used at the other end. 

Care was taken in all except the final test to avoid 
p verst rcssin^ the specimen and- thus spoiling it for use 
in the subsequent tests with additional stiff oners* 
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The ends of the specimens were carefully machined flat, 
mutually parallel, and perpendicular to the axis of the 
cylinder "by turning the specimens on a special expansion 
arbor in a lathe. 



RESULTS AND DISCUSSION 



Because of the very lar^e amount of extensometer date, 
taken in these tests, only a few of the lead-stress, curves 
from specimen P are given* These are considered typ- 
ical of the data for all the specimens.. 

The load-stress curves for g&ge lines on two diamet- 
rically opposite elements of specimen ? with eight 
stiff eners are shown in figure 5. Two straight lines are 
shown with the data for each gage line. The solid line 
has "been drawn to represent the data and the dash, line 
has been drawn to represent the average computed stress 
(P/A) using the same origin as the solid line. In gen- 
eral, the agreement "between the two lines is very ^ood, 
the maximum variation for the load of 14,000 pounds. being 
900 pounds per square inch, or about 11 percent. 

At the inception of this investigation it was thought 
that buckling of the shell wall could be detected by a de- 
parture of the lead-strain curves from a straight line 
and that with such a close spacing of the gage lines the 
load— strain curves would depart in alternate directions. 
In ether words, it was thought that the gage lines were 
spaced closely enough together so that alternate ones 
would he on the concave and the convex sides cf the lon- 
gitudinal element after the shell wall buckled* Thus, 
the measured stress on one gage line would increase fast- 
er than the average and the measiired stress on the next 
would increase less rapidly than the average. It is quite 
apparent that no indication of buckling of the cylinders 
is given by these load— measured stress curves. In view 
of the sudden failures that will be discussed later, it 
is possible that this method of testing is not satisfac- 
tory for determining the critical "buckling load; that is, 
for a specimen of these proportions the critical buckling 
load and the ultimate load may he the same value. 

The specimens after failure are shown in figures 1 
and 2. All the cylinders with stiff eners failed suddenly. 
In most cases collapse was accompanied by a loud report. 
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In the case of Specimens F and H, which had no stiffeners, 
failure was preceded by the formation and growth of a 
buckle in or adjacent to the longitudinal weld. Since 
the longitudinal elements containing the .weirds were not 
exactly straight , such a failure in not surprising, The 
failure of specimen K (fi%« l) is rather interesting in 
that 210 diamond- shape buckles were formed but only a cir- 
cular bul?e at the middle stiff ener. >• 

From a comparison of the size of the "buckles in the 
various specimens, it appears that the spacin^s of the 
stiff eners were not such as to change, materially the size 
of the wave; the natural wave pattern, however, is slight- 
ly changed in some cases. Since the buckle pattern is not 
changed very much by the stiff eners, only a little increase 
in the critical buckling stress of the shell wall would he 
expected. In other words, the portions of the shell wall 
"between the stiffeners could deform into buckles of the 
same size and at about the same unit- stress as though 
there were no stiffeners at all • 

She maximum compressive loa.ds supported by the speci- 
mens and the average stresses bavsed on the -cota! cross- 
sectional area are shown in table IV, The ultimate 
strengths of the cylinders with 0 # 062-»inch walls are great- 
er than the proportional lim.it of the material in the 
stiffeners but less than that of the material in the shell 
wall. The ultimate strengths of the cylinders with 0.028- 
inch walls arc all in the r°m°;c of elastic stresses. A 
comparison of the unit stresses at failure of the stiffened 
and unstiffened cylinders indicates that the longitudinal 
stiffeners a.lone brought about an increa.se in strength 
(P/A stress) from 17 to 27 percent over the unstiffened 
cylinder. The effectiveness of the circumferential stiffen 
ers is not definite. In the case of the cylinders with 
0. 052-inch walls, the circumferential stiffeners alone pro- 
duced an increase in strength from 5 to 15 percent over 
the strength of the unstiffened cylinder and, when used 
in conjunction with the longitudinal stiffeners, there was 
no increase in strength over that of the cylinders with 
only longitudinal stiffeners. In the case of the cylin- 
ders with 0. 028-inch walls the reverse is true; the cir- 
cumferential stiffeners alone produced no benefit but, in 
conjunction with the lon^i tudinal stiffeners, there was 
an increase in strength f ron 12 to 19 percent over that 
for the longitudinal stiffeners alone. Comparisons of 
the load-weight ratios (maximum load divided by the weight 
of the specimen) ^ive this sane confused picture of the 
benefit of circular stiffeners. Undoubtedly, the relative 
proportions of the cylinders and the stiffeners are factors 
influencing this compari son. 
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In reference 9 it is stated 11 If the 'coefficient 1 
d/r > 350, the load can "be resisted "by the plating alone 
and the stringers discarded (and put into the plating)." 
The tern d signifies the compressive load in pounds per 
inch of perimeter and r is the radius of the cylinder 
in inches. The foregoing condition, can he transferred oy 
considering the total load ? instead of the unit load 
d; then it "becomes 

? > ?50 (?rrr 2 ) 

o r 

P > 22 00 r 8 

For these cylinders with a radius of 3 inches the limiting 
value of ? is 141,000 pounds. This value indicates that, 
according to reference 9, these specimens would be expect- 
ed to be stronger vrith stiff eners (as-built) than similar 
unstiffened cylinders of the sane radius and weight (in- 
creased Trail thickness)* 

This statement will be investigated in the following 
manner. The equation of the theoretically correct form 
for buckling strengths of circular cylinders is: 



f * a i (i) 

A r . 



in which 



?/A average compressive stress at buckling 

of shell wall, pounds per square inch ■ 

K coefficient depending on the accuracy of 
fabricating cylinders and on testing 
t cchni que 

S modulus of elasticity, pounds per square 
inch 

t thickness of shell wall, inches 

r radius of curvature of the shell wall, 
inche s 

The curve shown in figure 6 was drawn in accordance 
with this equation with K chosen to approximate the 
best results from specimens J and U# The value of K 
for this curve was found to be 0,3. ITow, an unstiffened 
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cylinder of the same material and with the sane radius 
and weight as specinen H would have a wall thickness 
equal to 0.0975 inch and a ratio of radius to wall thick- 
ness equal to 82. The cross- sectional areas would he the 
sane and the corresponding maximum load on the unstiffened 
cylinder would he about 156,000 pounds, From this result 
it appears that a plain cylinder stronger than specinen H 
could he made "by increasing the wall thickness by an amount 
such that the weights of the two specimens were equal. 
This is contrary to the conclusion quoted from reference 9. 

Since the stiff eners on specinen H are relatively 
heavy, it nay he possible to make a stronger specinen by 
using twice as many stiff eners, each one-half the size of 
those on specimen E. Whether the strength of such a 
specinen would exceed 156,000 pounds could he determined 
only by a test on such a specimen. This sane logic ap- 
plied to specinen Q, indicates that a plain cylinder of 
the sane weight would have an ultimate strength of about 
27,600 pounds. This value represents an increase of about 
12 percent over the strength of specinen Q. The general 
rule quoted from reference 9 is not in agreement with these 
test results. It seems quite apparent that greater 
strengths could be obtained if the material in the circun- 
ferential stiffenors were redistributed so as to make the 
wall thicker. 

The greatest load-weight: ratios were obtained fron 
the cylinders with only longitudinal stiff eners, but it 
appears that even higher ratios could be obtained by re- 
distributing the material in the stiffeners. For maximum 
strength-weight ratios, these few test results do net an- 
swer the question as to whether the material in the stif- 
feners can best be used in a larger number of smaller 
stiffeners or in increasing the wall thickness. 

Reference 4 describes tests on specimens made of 
curved sheets with ratios of radius of curvature to thick- 
ness of sheet (r/t) ranging fron 430 to 4060, In the 
discussion of the test results it is pointed out that the 
specinens with snail values of r/t failed suddenly with 
practically no indication of elastic buckling, just as did 
the specinens described in this report. The specimens with 
the larger values of r/t indicated elastic buckling and 
values of effective width of sheet were determined, The 
following equation is given for determining the critical 
buckling stress: 
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CF 



m * 5E fit + 0. 



(2) 



cr 



critical "buckling stress, pounds per 
square inch 



w width of panel "between longitudinal 
stiff eners 



Equation (2) for critical stress is a combination of 
equation (l) for unstiffoned cylinders and a tern involv- 
ing the spacing of longitudinal stiff eners. * For the case 
of a cylinder with n longitudinal' stiff oners each of the 
width kr , 



XT ss 



cirr 
n 



Kr 



(3) 



The equation for critical stress can "be written as: 



( — at — y + G<33 * 



(2a) 



0 . 3E - 
r 



l + r — - — ) - 



(2T>) 



It can "bo seen from equation (2"b) that the increase in 
critical stress which night he expected from the stiff on- 
ers is a function of the ratio of the wall thickness to 
the radius and of the number of stiff eners, that is, the 
spacing. In the case of the cylinders with 0.028-inch 
walls and eight stiffenors this equation reduces to 



d cr = 0*31 I (1.134) 



(2c) 



The use of the value of 0,3 for K in equation (l) and the 
appearance of the term 0.3 t/r in equation (2) is a co- 
incidence resulting from the fact that many investigators 
have found that this value represents the strength of un~ 
stiffened cylinders as determined by the careful testing 
of well^f abricat ed specimens. 
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Thus, one should expect the "buckling strength of specie 
mens ? and Q to "bo about 13 percent creator •than that 
of specimen N. The ultimate strengths of specimens ? 
and Q,, which may or may not he a °;ood indication of the 
"buckling strengths for specimens of these proportions, arc 
IB and 21 percent -;r eater than that of specimen IT. 

The curve giving the strengths of unstiffened cylin- 
ders as shown in figure 5 and approximating the tost re- 
sults from specimens 3? and N is just ahout one-half 
as hi^h as the curve obtained from the classical buckling 
theory of thin cylinders. This theory is represented hy 
the equation for critical buckling stress (see ref oroncc 
12) : 

Et 1 

J 3(1 - |* S ) 

where \X is Poisson's ratio, taken as \f 3 , and the other 
terms have been previously defined. 

The lar^e-def lection theory for the buckling strength 
of thin cylinders developed by L . E« Donneil in reference 
13 leads to the equation 



(4) 



0.6 



- 10 



-7 r 



cr 



1 + 0.004 



(5) 



whore Y is the yield strength of the material in pounds 
per square inch. 

The strengths of specimens P and K arc computed 
hy equation (5 ) to he 9 i,400 and 9 f 500 pounds per square 
inch, respectively. The strengths developed in the tests 
are 22 5 140 and 10,830 pounds per square inch or 3 and 15 
percent -greater than computed values. 



CONCLUSIONS 



From the test data and discussion presented in this 
report, the following conclusions have boon drawn: 
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1. The spacing of the circumferential stiff eners 
(0,67 times radius) tras too °;reat to obtain any appreci- 
able strengthening of the shell trail when subjected to 
axial compressive loads, 

2* Although the specimens v;ith longitudinal stiff en- 
ers developed a greater compressive strength than the sim- 
ilar unstiffened shells, a consideration of the relation 
"between the strength and the proportions of the shell in- 
dicates that a still greater strength could "be obtained by 
red! stri outing the material in the stiff one rs so as to in- 
crease the thickness of the shell trail . It is not possi- 
ble to determine the optimum stiffener size and spacing 
from these few tests. 

There was no indication of buckling of the shell 
wall prior to collapse of the stiffened specimens under 
axial compressive load. 

4. The compressive strengths of the two unstiffened 
cylinders were just ahout half as ^reat as those predicted 
by the classical bucklin* theory of cylinders. In other 
words, it appears that the strength of well-made and care- 
fully tested thin-wall cylinders may "be calculated "by the 
f ormula 



cr 



32 



where 



S modulus of elasticity, pounds per square 
inch 

t thickness of shell wall, inches 
r radius of cylinder, inches 

5, The lar^e-def lection theory -;ivon by Donnell 
^ives computed strengths slightly lower than these tost 
result s . 



Aluminum Research Laboratories , 

Aluminum Company of America, 

Hew Kensington, Pa . , free ember 4, 1940. 
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TABLE I. TBUSIIiE PROPERTIES OF MATERIALS USED IN STIFFENED CYLINDERS 
Standard half-inch wide tensile specimen used 51 
Stress-strain relations determined with: 
-inch Martens extensometer on C. 028-inch sheet; 2-inch Ewing extensometer on 0.062-inch sheet 



Material 


Alloy 


Thick- 
ness 


With grain, W 
or 

across grain, X 


Tensile 
strength 


Yield 
strength 
(offset 0.2 


Propor- 
tional 
limit 


Elonga- 
tion 
in 2 






(in.) 




(lb/sq inO 


percent) 

i (lb/ sq in. ) 

1 


/ / b 
(lb/sq in.) 


inches 
(percent ) 


Shell of specimens 
F to U 


C 53S-T 


0.C62 


X 


39.560 
39,440 


35,300 
34 , 500 


28,000 
2^,000 


U 

13.0 
12.0 


Stiffeners of specimens 
F to M 


d 52S-l/2H 


.0o2 


X 


36,990 


1 

28,600 


18,000 


12.0 


Shell of specimens 
N to U 


c 

C 53S-T 


.0273 


w 

X 

! 


38,250 
38,180 


34,500 
33,900 


22,000 
22 * 000 


10.5 
10.0 


Stiffeners of specimens 
N to U 


a 52S-l/2H 


.0272 


X 


36,900 


28,200 

! 


20 f 000 


10.0 



Standard tension-test specimens for sheet metals as shown oy figure 2 of "Tentative Methods of Ten- 
sion Testing of Metallic Materials (SE-iOT) , " Supp . to A.S.T.M. Standards, Part I, 1940. 

Determined by method explained by L. B . Tuckerman in discussion of R. L. Templin's paper on "The 
Determination and Significance of the Proportional Limit in the Testing of Metals, M ^roce^din^s 
A.S.T.M. , Part II, 1929. 

c 

Nominal composition: 0.7 percent Si, 1.3 percent Mg, 0.25 percent Or, remainder Al. Navy Dept. 
Specification 47Al2a . 

Nominal composition: 2.5 percent Mg, 0.25 percent Cr, remainder Al. Navy Dept. Specification 
47Allb. 
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TABLE II. SCHEDULE OF TESTS 0!" STIFFENED CYLINDERS 



(Tests made at various stages of completion) 



Specimen 




First test 


1 

k - 


Second test 



Third test 


F 






No stiffeners 












Gr 


and 


H 


4 


3 ongitudinal 
stiffeners 




longitudinal 
stiff eners 




J 


and 


K 


1 


circumferential 
st if f ener 


3 


circumferential 
stiffeners 


5 circumferential 
stiffeners 


L 


and 


U 


1 

4 


circumferential 

o y- A 

ana 

longitudinal 
stiff eners 


4 


circumf erential 
and 

longitudinal 
stiffeners 


5 circumferential 
and 

8 longitudinal 
stiffeners 


N 






Nc 


> stiffeners 


















P 


and 


1 


4 


longitudinal 
stiffeners 


8 


longitudinal 
stiffeners 




I 


and 


s 


1 


circumferential 
stiff ener 




circumf erential 
stiff eners 


5 circumferential 
stiffeners 


T 


and 


u 


1 

4 


circumferential 
and 

longitudinal 
stiffeners 


4 


circumferential 
and 

longitudinal 
stiffeners 

1 


5 circumferential 
and 

8 longitudinal 
stiff eners 
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TABLE III. DESCRIPTION OF STIFFENED CYLINDERS 



(Outside diaraeter of shell, 16 in.; length, 24 in.) 





I Thick- 
ness 


First test 


Second test 


Third test 


Spec- 

linen 


of 

wall, t 

Tin ^ 


''eight 
(lb) 


1 Gross- 
sectional 

1 (sq m.) 


Weight 
(lb) 


Cross- 
8ectional 

area 
(sq m.) 


"eight 
(Id) 


Cross- 
sectional 

area 
(sq in.) 


W 


0 .0615 
.0620 


7.325 
9 .448 


1 3.153 

I 

<j .058 













a 


11 . 61 


5 .000 


— — 





H 


.0615 


9 . 412 


4.054 


11 .55 


4 . 9 85 






T 

0 




8 .505 


3 . 150 


11 .06 


3 . 150 


13 . 61 


3.150 


TT 
A 


. U Clo 


8 .410 


3 . 150 


10 . 64 


3 . 150 


12 . 84 


3 . 150 


T 

L 


• U Dl f 


10 . 5^0 


4 .ODo 


12 . 72 


4.056 


17 .03 


4.997 


M 


. U CoU 


1U . i dLO«j 


tL . uo o 


19 QQ 
1c . r ^ 


A AC a 


17 . o<d 


4 .yy / 


Iff 

P 


OP7Q 

.0285 


3 .322 
3.978 


1.431 

I 

1.716 










4.535 


1.958 






% 


.0280 


3 .922 


1.689 


4.480 


1.932 










R 


.02S5 


3.717 


1.425 


4.340 


1.425 


4.S25 


1.425 


S 


.0235 


i 

3.698 

j 


1.425 

1 


4.280 


1.425 


4.900 


1.425 


T 


.0277 


4.169 1 

1 


1.702 


4.760 


1.702 


5.955 


1.945 


U 


.0285 i 

i 


4.250 


1 

1.702 

1 


4.862 


1.702 


6.010 


1.945 
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TABLE IV. RESULTS OF COMPRESSIVE TESTS 0N 
STIFFENED CYLINDERS 



(Load 



1 




L 2 


4 


5 


6 


7 


Spec- 
imen 


T o n .c f Vi 
.Ajtr u£ .u il 


1 rn"U n «u. 
lJll CK— 

ness 

/in ^ 

^ in . j 


vi e X £ U L 


Area, A 
(sq in.) 


Maximum 
load, P 

(ID) 


Ultimate 

strength, p/A 
U b /sq in. ) 






Thi cknes s 


of shell 


wall; 0.062 inch 




V 

r 


^^^^l /^P 




7 33 


3.153 


c39 , 800 


^c , 140 




<o O — A O / AD 




A J. . OA 


5.000 


129,800 


25,960 


TJ 

n 


P7 7/o 


Pt C. 1 P\ 


I 1 cz ~ 

II . OO 


4.985 


139,200 


28,000 


T 


P7 17 / l A 


. U Oo L 


AO . OA 


3.150 


80,100 


25,460 


If 


2ft— 7/ff 


. U OA C 


1 P PA 


3 . 150 


73,200 


or? 0 /*\ 

cd. ,<;00 


T, 
Aj 


2ft -ft /4 


HAT 7 
• U OA / 


1 7 <V1 
A f . \JC 


4.997 


132,500 


26, 600 


H 

flu 


Oi. — / y cc 


D ^PO 

. u ecu 


1 7 £P 
A r . Oc 


4.997 

i 


130,000 


cfc, 000 






Thickness 


of shell 


wall, 0.028 inch 




1 


23-21/32 


0.027S 


3.32 


1.431 1 

| 


15,500" 


10,830 


F 


23-7/8 


.0285 


4.54 


1.958 j 


25,750 


13,150 


Q 


23-29/32 


.0280 


4.48 


1.922 


24,675 


12 , 770 


B 


23-13/16 


.0285 


4.93 


1.425 


14,950 


10,450 


S 


23-13/16 


.0285 


4.90 


1 . ^25 


13 , 850 


9 f 700 


T 


23-7/8 


.0277 


5.96 


1 

1.945 j 


28,600 


14,700 


U 


23-7/8 


.0265 

1 


6.01 
— .. i 


1.945 j 

1 
1 


29,600 


15,200 



o 




Figure 1.- Stiffened cylinders -after failure under compressive load. Length of 

specimens, 24 inches; diameter of shell, 16 inches; thickness of shell 
wall, 0.062 inch. 




0Q 



Figure 2.- Stiffened cylinders after failure under compressive load. Length of h 
specimens, 24 inches-, diameter of shell, 16 inches; thickness of shell w 
wall, 0.028 inch. 



-1/2"" 



Stiffener CI 



2t 



-2-1/2"- 
-1-1/2"- 



2"* 



2t 



,0.062" 





Nominal 


Measured 


Area, sq in. 
Weight, lb /ft 

!„. in.* 


0.246 
0.284 
0.418 

0.023 


0.247 
0.286 
0.426 
0.020 



Stiffener D 



-1-3/4^ 



-L^'-j— 3/4" -j*l/2"- 



0.028" 





Nominal 


Measured 


Area, sq in. 
Weight, lb /ft 

I XI , in.* 


0.070 
0.080 
0.170 
0.0017 


0.060 
0.072 

0.00113 



FIGURE 3.- 
D1MENSI0NS AND SECTION EL EMENTS OF STfFfEMKRS ■ 

Stiffeners Formed from Sheet. 





Figs. 5, 6 



Dp— Stress, lb/sq in. 

(a)West gage lines. (b)East gage lines. 

Figure 5.- Load-stress curves of compression test on stiffened cylinder P, 
53S-T shell with light 52S-1/2H longitudinal stiffeners. 
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-7-= 0.3 E (-£•), in which E = initial modulus 
A H — h 



■T— H — i — i — i — i — I — i — i — i — i- 

- 0.3 E' i- ,in which E 1 » tangent modulus f :r material 




0 50 100 150 200 250 300 350 400 450 500 550 600 650 

_ R a fUua of curvature , x 
Thickness of shell wall T 
Figure 6.- Compressive strength of unstiffened cylinders of 53S-T aluminum alloy. 



